Assistance Agreement Quarterly Report: 6" Quarter

Date of Report: June 30, 2001

Agreement No: R82806301

Title Baltimore Supersite: Highly Time and Size Resolved Concentrations of
Urban PM 2.5 and its Constituents for Resolution of Sourcesand Immune
Responses

Investigators: J. M. Ondov, Department of Chemistry and Biochemidry, University of Maryland,
College Park, MD; T. J. Buckley, School of Hygiene and Public Health, Johns-Hopkins
Univeraty, Bdtimore, MD; P. K. Hopke, Clarkson Univerdity, Potsdam, NY; M. B.
Par lange, Johns-Hopkins Universty, Batimore, MD; W. F. Rogge, Department of Civil
and Environmentd Engineering, Horida Internationd University, Miami, Horida, K. S.
Squibb, Department of Pathology, Universty of Maryland a Bdtimore; and A. S.
Wexler, University of Cdifornia, Davis, CA

Ingtitution: Depatment of Chemistry and Biochemidry, University of Maryland, College
Park, MD

Research Category: Particulate Matter Supersites Program
Project Period: January 15, 2000 to December 31, 2003

Objectives of Research: Our primary objectives are to i) provide an extended, ultra high-qudity
multivariate data set, with unprecedented temporal resolution, designed to take maximum advantage of
advanced new factor andyds and state-of-the-art multivariate Satistical techniques; ii) provide important
informationon the potential for healtheffectsof particlesfromspecific sources and generic types of sources,
iii) provide large quantities of well characterized urban PM for retrospective chemicd, physicd, biologic
andyses and toxicologica testing, iv) provide sordly needed data on the sources and nature of organic
aerosol presently unavalable for the region, v) provide support to exiding exposure and epidemiologic
studiesto achieve enhanced eva uation of hedlth outcome-pollutant and -source relationships, and Vi) test
the specific hypothesis listed in our proposa.

Status

The Bdtimore Supersite trailers wereinddled at the FMC Corp. Site, near Brooklyn and a nominaly 20-
day intensve sampling program was conducted, beginning in the second week inMay and ending on June
10", Asindicated in the figure below, additional measurements were made withsome of the instruments
until June 15", The trailers were moved to Clifton Park and installed to temporary power during the last



week inJune. Measurements were begun on June 30 with some instruments, however, various problems
prevented full operation with dl instruments during the July intendve. July and subsequent data will be
discussed in the next report.

MEASURMENT Group May June
Aerosol Size Distributions 10 15 20 25 30 1 5 10 15
SMPS UuMCP
APS UuMCP
CSAS UMCP
Semicontinuous EC/0C uMCP
Semicontinuous Nitrate uMCP
SEAS Metals UuMCP
CO, NO, NOx, 03 UuMCP
Single Particle MS UCDavis/UDE
Wind dir, speed, RH, T JHU-Parlange
Solar insolation JHU-Parlange - _
u,v,wcomponents JHU-Parlange
LIDAR JHU-Parlange
FRM Mass JHU-Buckley
Speciation Monitor JHU-Buckley
TEOM Clarkson

Progress Summary/Accomplishments

LIDAR/Meteorological Data. The JHU lidar system was deployed at the FMC site during the
fdlowingdays. May: 22, 23, 24, 25, 27, 28; and June: 5, 6,7, 8,9, 10, 11, 12, 13, 14. Thelidar system
could not be operated when it wasraning. Dataweretakenat daytime only in order to comply with FAA
regulations. The duration of alidar scan (verticaly pointing upward) was extended from initidly 5 minutes
to 30 minutes. In some occasions the lidar scans had to be stopped incase of heavy air traffic or because
of ran. This extensve data set will provide information on the mixing layer depth, and especidly its
evolution during the course of the day. In addition, the combination of lidar data, aerosol data and
meteorologica informationcould aid indlocating sources of aerosols. The meanwind directionfor several
periods can be categorized as follows. From 5/28/01 5/31/01 the main wind direction was ranging from
250/-350/. In June for about one third of the days the wind direction was also within this range. Aloin
June, for one third of the days the mean wind direction was observed to be within 100/-150/. During the
remaning daysin June, the wind direction was often between 100/-150/ in the morning and in the early
afternoon, but was changing frequently at other times of the day. Figure 1 shows and example of alidar
scan, takenonJdune 14, 2001 at the FMC site (30 minute measurement period, starting at 3:52pm-EST).
Higher aerosol concentration can be seen clearly within the atmaospheric boundary layer. Figure 2 shows
meteorological data from June 14, 2001, where the wind direction is shown on the middie pandl.
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Figure 1. Time-domain scan, showingrelaive aerosol concentration, takenwiththe JHU eadtic backscatter
lidar system during the firs intensive measurement period at the FMC dite. The relative aerosol
concentration
increases  from
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Figure 2. Mean scdar wind speed (upper panel), mean wind direction (middle pand) and the standard
deviation of thewind direction (lower pand) on 06/14/2001.

3



A detaled andlyss of the lidar data will furnish the mixing layer height. This information will then be
combined with data on aerosol and the meteorologica data. Two-dimensiond images of rlaive particle
concentrationof al data taken during the first intensve measurement period at the FM C Ste can be found
in thelidar data archieve at. http://www.j hu.edu/~dogee/mbp/supersite?2001/index.htm

SEAS. A modified SEAS system wasingdled at FMC and operated in production mode from May
29" until June 10", Two daysworth of samples, collected at sucessive 30 minute intervals were analyzed
for 14 dementsby Graphite Furnace Atomic Absorption Spectrometry.  Prdiminary SEASdatafor durry
samples collected at FMC on June 7" and
8" show, subgantid excursions in metd

concentrations  during
time periods when
winds fluctuating winds
were from south
eadterly directions (but
not northerly). These
are oconddent with
spedific releases from
nearby sources, a
phenomenon clearly
documented by SEAS
data collected in St
Louis. The FMC data
reved an interesing
dynamic.
Concentrations of many
metds are typicdly
quite low until there is
an event, during which
concentrations become
elevated by factors
ranging from 5 to 100,
and then repidly fal
back to back ground
levels. This indicates
that most of what would
be measured by 24-hr
integral
sampling/analysis
methods would be
governed by a few
relaively brief , but
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highly elevated exposures. The signal for Se tendsto fluctuatefar less. Thisislikely duethemoreregiond
nature of this dements and, hence, itshigher background. The Arsenic signal on June 8" appears to be
gmilar in thisregard.

Single Particle MS. Congtruction of the single particle mass spectrometer was completed and the
unit was undergoing tests during the month of June.

Cytokine Assays. Studies conducted during the past quarter have established that cultured A549
human lung epithdia cells respond to exposure standard urban particulate matter (N1ST 1648 and 1649a
particles) by rdeasing the cytokine IL8. Measurable levels of I1L8 were released in a dose response
manner over arange of 100 to 250 ug/ml with an exposure time of 24 hr.  Air particles<2.5 :mcollected
by the SEAS indrument as part of this Supersite investigation so simulated A549 cdllsto release IL8.
A 24 hr sample collected at College Park, MD stimulated cdisto release L8 at calculated in vitro particle
concentrations aslowas 12.5 :g/ml. Theresponsewaslinear up to aparticle concentration of 100 - g/ml.
IL8 concentrations in the media ranged from 629 to 5,000 pg/ml. Cdlswere adso exposed to ZnCl, at
concentrations up to 0.5 mM to establish a positive control for this assay. The IL8 response was Smilar
to that observed for the 1648 particles at Zn concentrations of 0.2 to 0.3 mM.

Using thisassay system, 10 SEAS samples collected for 30-min intervalswere then tested to determine
whether short time interva testing could be accomplished.  Samples collected a hourly intervals over a
24 hr period at College Park, MD gave riseto quantitatively different responses, with IL8 release ranging
from non-detectable < 20 pg/ml to 420 pg/ml. Thefirst set of samples collected from South Batimore,
however, did not simulate a measurable IL8 response. Meta analyses on these samples will help
determine whether these samples were less reactive due to lower metd concentrations.

Cytotoxicity was aso measured under the same exposure conditions used for the IL8 studies. The
cytotoxic effects of particle exposure were measured using the lactate dehydrogenase (LDH) assay which
measures the release of the LDH enzyme from cdls resulting from membrane damage.  Zn exposure at
concentrations up to 0.4 mM did not cause Sgnificant cytotoxicity (mean LDH release was 5% at 0.4
mM). LDH release of >20% occurred in response to SM 1648 and 1649a particle exposure, but only
at aconcentrations of 150 ug/ml and higher. Neither the SEAS samples collected at College Park, nor
those collected from South Batimore, were cytotoxic the to A549 cells over the concentration ranges
tested.

Studies have aso been initiated to establish whether the RAW?264.7 mouse macrophage-like cdl
line is suitable for use in an assay to determine the ability of particle samples to simulate the release of
cytokines TNF, and IL6 and the production of resctive oxygen species (ROS) in aveolar macrophage.
With the approachestakenthusfar, RAW cdls do not appear to be responsve to simulation by particles
or LPS. Therewas no detectable responsein the release of the cytokines. Also, production of ROSin
responseto simulaionby PMA and/or zymogenis minimd; however usng increased number of cdlsit has
been possible to measure basal ROS levels using the cytochrome c assay.  Work continuesusing different
priming agents.

Organic Compound Sampler. Wetook ddivery of a custom-built sequentid organic filter/PUF
sampler designed to permit sequentiad sampling for up to 5 periods at flowrates up to 500 LPM or
sequentia sampling with4 channels and smultaneous collectionof a24-hr sample at 100 LPM. However,
the Fitler holders and PUF cartridges had to be returned to the vendor for further modifications, as the



hardware engineered to make interna seds was judged to be inadequate. We have now received the re-
engineered components, had them industridly degreased or oxygen plasma cleaned (Teflon bal and
solenoid vaves), and then laboratory cleaned al parts according to a protocol developed by Professor
Rogge (digtilled water, methylene chloride, followed by acetone rinsing). The support structure provided
by the vendor did not alow space to mount the valve actuators, so it was rebuilt onste. Theentiresystem
has now been assembled and is (was) ready for testing.

Ultra-High-Volume Aerosol Sampler. A new control program for the syslem has been
developed. The stainless sted 1-m cyclone has been removed and an dl-auminum cyclone has been
temporarily inddled for pressure drop, flow, and dficiency testing. A new 15-filter cassette box was
indaled ingdethetraler by NIST. The unit has undergone severa weeks of testing.

Data base development. We have taken ddlivery of the data storage computer. The machine
was shipped with aRAID 5 array of five 72 GB drivesand hasaninterna capacity of another five 72 GB
(or larger) hard drives, permitting a storage capacity of up to 510 GB (total capacity is reduced because
of redundancy requirements for RAID 5 configurations). The raid system is handled by a fast, heavily
cached, 4-channel controller whichcan handle two additiona external raid arraysif needed. Tota capacity
of the raid system is at least 16 drives per channd. We intend to store al of the supersite raw data,
incuding dl QA/QC and diagnodtic datafromthe insruments, withthe possible exceptions of LIDAR and
Single Particle MS data. The database has been created and tablesfor datafrom the following instrument
types have been defined:

* 3D Sonic Anemometer

* APS

* CPC (May need work, based on initid file info.)

* CSAS

* Gases (CO, NO2, NOX, 03, SO2)

* Nitrate

* SEAS

* SMPS

* SPM S (May need work - based on initid fileinfo.)

Import routinescompleted for the SEAS, Forward Scattering laser spectrometer, NitrateMonitor,
Sulfatemonitor, gases, SMPS, and FM C met data (there have been some format and insrument changes).
The import routines are now being verified for proper execution and project datawill be loaded fromthe
raw data archive to the database shortly.

Website: Our Static Web site (www.chem.umd.edu/supersite) contains color maps of the
Bdtimore Regionhave been prepared in ARCVIEW and |oaded onto our website. The maps show mgjor
PM emissonsources (obtained fromthe EPA AIRS data base), metas emission sources (TRI data), and
edimates of emissons aswell asthe location of our sampling Stes and key streets. Recently, we' ve added
adteplanfor the supersteat CliftonPark; our position papers on the RH issue and dlocation of intensve
resources, the efficiency curve for the UMCP dl glass inlet impactor; SEAS data taken at College Park,
MD, showing resolutionof sources, and a 2-D scan showing relative particle concentration data showing




traffic pollution over Batimore streets. Current versions of dl SOPs are now available on the web Ste.
Personnel Changes. Dr. Yu-Chen Chang joined the UMCP Supersite Teamon January 16™,
2001. Doctora student, Dawn Catino, joined our group on February 10". Ms. Catino's work will
encompass RDI/sychrotron XRF measurements.
Publications/Pr esentations/meetings: No publications have yet beenprepared. Two papersare
planned for presentation.

AAAR, 2001: Sourceldentificationby aMultilinear Receptor Modd Using Highly Time Resolved
Chemicd Compostion and Wind Data, XIN-HUA SONG, Clarkson Univ, Philip K. Hopke,
Clarkson Univ, Pentti Paatero, Univ of Helsinki, John M. Ondov, Univ of Maryland, Christopher
B. Kidwel, Univ of Maryland

In Vitro Assay of the Biologicd Activity of Ambient PM, ; Collected By A High Frequency
Aerosol Sampler. R Mitkust, M Falconer!, J Powell?, J Ondov?, K Squibbt, University of
Maryland, Batimore, MD and 2University of Maryland, College Park, MD

Future Activities:

We will continue to hold weekly PI teleconferences as needed
Additiond SEAS samples are being selected for for cytokine assay testing.
FMC data are being quality assured and entered into the data base.
Vaious observations and inferences will be discussed during the Supersites meeting a
RTP in November.

Supplemental Keywords: Sngle Particle Mass Spectrometry, ROS, Cytokine, Receptor
Modeling
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Met Data Progress Report
for time: 11/2001

05/26 deployment of sensors and erection of tower
05/27, 9am start of measurements
indruments: rain gage sampled at 1 Hz
Vasda hygrometer and temperature sensor at 4.75m and 1Hz
2 Cup anemometers at 5.7m and 10.24m and 1 Hz
wind vane at 10.24m at 1 Hz
measured variables: relative humidity (RH), Temperature in degrees Celsus,
length of horizontal wind vector in nVs, wind direction in degrees
derived variables: sandard deviation of wind direction, mean horizonta
wind velocity (vector and scaar method)

05/30 additiond instrument: 3 dimensiona campbd| scientific sonic
anemometer (CSAT3 3-D Sonic Anemometer)

additiond measured variables: dl three components of wind vector in m/s at
8.94m sampled a 10 Hz, virtud potentiad temperature in degrees Celsus at
10 Hz

additiona derived variables: 10 min averages of (col 4-14 in avefiles):

ar temperature ["o C], rlative humidity [%0], velocity for first cup

(scdar and vector mean) [mV/s], velocity for the second cup (scalar mean)
[mV/g], horizonta wind direction [*0], std deviation of horizontal wind
direction [*0], rain (sum over 10 min) [mm], friction velocity u* [nvd],
Obukhov length L [m], sensible hegt flux H [JYm"29]

06/15 14h end of measurements at FMC

missing vaues for duration of >1 hour:
05/30 20h-22h al ingruments
06/04 12h - 06/05 16h dl instruments

dataqudity

al sensors functioned properly during dl times, intercomparison of data

from 3d sonic anemometer with cup anemometers and vai sda temperature probe
assures data quality



completeness (during 5/27 - 6/15):
30 hours missing out of 457 --> 93% complete

data presentation

dl dataisavalable as graphs at
http:/AMww.jhu.edu/~dogee/mbyp/index.html

raw datafiles and averaged statistics are backuped on DVD and stored on
FATBOY

Lidar Data Progress Report
for time: 11/2001

05/22 gart of the measurements
measurement days.
May: 22, 23, 24, 25, 27, 28; June. 5, 6, 7, 8, 9, 10, 11, 12, 13, 14.

type of data
verticad scan a awaveength of 1064 nm with aduration of 5, 15 or 30 min.

data presentation
raw datafiles are backuped in DVD and stored on FATBOY

All plots, with background substration and range correction are available at
http://www.j hu.edu/~dogee/mbp/supersite2001/lidar_data.htm



